The incidence of Y/autosome translocations is low. Whereas involvement of non-acrocentric chromosomes often leads to infertility, cases related with acrocentric chromosomes are usually familial with no or minimal effect on fertility. A de novo (Yp/13p) translocation was found in a 32-year-old male referred for severe oligozoospermia. Conventional cytogenetic procedures (GTG, CBG and NOR banding) and molecular cytogenetic techniques (Fluorescence In Situ Hybridization, FISH) were performed on high-resolution chromosomes obtained after peripheral blood lymphocyte culture as also on interphase nuclei of spermatogenic cells from semen samples. Screening of AZF microdeletions in the Yq11.2 region known to be involved with spermatogenesis defects was also performed. GTG banding showed a (Yp/13p) translocation in all scored metaphases. CBG and NOR staining of the derivative chromosome revealed the maintenance of Yq heterochromatin and of the 13p NOR region. FISH with centromeric Y and 13/21 probes, SRY specific probe and X/Y (p and q arms) sub-telomeric probes gave the expected number/location of fluorescent signals. Hybridisation with a pan-telomeric repeat (TTAGGG) probe showed an absence of the telomeric sequences at the fusion point of the rearranged chromosome. FISH analysis with probes to chromosomes X, Y, 13 and 18 showed an abnormal segregation of the translocated chromosome during meiosis I, which explains that only 13.6% of the secondary spermatocytes were normal. Most of these became arrested, as after meiosis II the large majority of the round spermatids were normal (70%), as were in consequence most of the sperm (85.1%). Multiplex-PCR confirmed the intactness of the SRY region and showed absence of AZF microdeletions. We report a novel de novo (Yp;13p) translocation characterised by loss of the 13p and Yp telomeres. Meiotic studies using FISH demonstrated meiosis I chromosome unpairing and mal segregation that justifies the severe oligozoospermia. Although most sperm have a normal chromosomal constitution, preimplantation genetic diagnosis should be considered an option for this patient.
Introduction
The frequency of Y/autosome translocations in the general population is approximately 1 in 2000. 1 -3 Like any other chromosome, the Y chromosome can be translocated onto an autosome, an X chromosome or another Y chromosome, either in a balanced or unbalanced way.
Translocations between the Y and a non-acrocentric chromosome are rare and may involve any part of the Y chromosome, 4 often leading to an abnormal phenotype and infertility. 4 -9 However, in the most common form of Y/autosome translocation, the heterochromatic portion of Yq is translocated onto the short arm of an acrocentric chromosome. 10 These translocations have been observed in phenotypically normal individuals and reported in multiple families, indicating that fertility is usually not affected. 4,10 -12 In the last 5 years, there were two new reports on (Y;13) translocations, both involving breakpoints on the short arms of chromosomes Y and 13 and with evident loss of chromosomal material. 13, 14 In this study we describe a novel de novo (Yp;13p) translocation found in a 32-yearold man referred for severe oligozoospermia.
Methods
Informed consent was obtained from the patient and his relatives before inclusion in the study.
Clinical findings
A phenotypically normal 32-year-old male, 170 cm in height, was referred to infertility treatment due to severe oligozoospermia. In his past history the patient experienced epidemic parotiditis at age 10, apparently associated with bilateral orchitis. Clinical examination revealed atrophy of the left testicle and a slightly hypotrophic right testicle, with normal epididymis and vas deferens. Hormone serum levels were 10 mU/ml FSH, 2.1 mU/ml LH and 3.2 ng/ml testosterone. The spermiogram, after centrifugation, showed only a few immobile spermatozoa.
Karyotyping and fluorescence in situ hybridisation High-resolution chromosomal GTG banding, as also CBG and NOR banding to characterise the translocation breakpoints, were performed on cultured, PHA-stimulated peripheral blood lymphocytes, according to standard cytogenetic procedures. 15 Fluorescence In Situ Hybridisation (FISH) followed manufacturer's instructions, using centromeric probes for chromosomes Y (DYZ3, Yp11.1-q11.1; Vysis) and 13/21 (D13Z1/D21Z1, 13p11.1-q11.1 and 21p11.1-q11.1; Cytocell), a SRY-specific probe (SRY, Yp11.3; Vysis), subtelomere-specific probes for both arms of the sex chromosomes (DXS28, Xp/Yp telomeres; DXS7059, Xq/Yq telomeres; Cytocell) and a probe for the telomeric repeats of all chromosomes (STAR FISH, Perbio, Cambio). A 13p telomeric probe was not used due to its unavailability. Normal male lymphocyte preparations were used as controls for the FISH assays.
Meiotic studies
Fresh semen samples were centrifuged at 1500 r.p.m.
(900 g), 10 min, at room temperature, to wash out the seminal fluid. The pellet was washed three times in PBS by centrifugation, fixed (5 min) with methanol-glacial acetic acid (3 : 1), centrifuged, and resuspended in three drops of the fixative. Ten ml of this suspension were transferred to poly-L-lysine coated slides, air-dried, incubated (5 min) in 26SSC to remove the remainders of the fixative, dehydrated in ethanol (70, 96 and 100%, 5 min in each), and air-dried before adding the probes. For analysis of mature sperm, some slides were incubated (10 min) with 1 M DTT in 1 M Tris buffer, pH 9.5, to make the condensed chromatin accessible to probes, washed in 26SSC (5 min) and PBS (5 min), and finally dehydrated as above. 16 For FISH, a locus specific probe for chromosome 13 (13q14, Vysis) and a-satellite probes for chromosomes Y (DXZ3, Yp11.1 -q11.1, Vysis), X (DXZ1, Xp11.1 -q11.1, Vysis) and 18 (D18Z1, 18p11.1 -q11.1, Vysis) were used. 17 Normal male lymphocyte preparations were used as controls for the efficiency of the FISH procedure. Classification of germ cells was made using inverted Hoffman microscopy and after fluorescent in situ hybridization was mainly based on the size and density of the cell nucleus.
18
PCR amplification for SRY and AZF regions Peripheral blood samples (8 -10 ml) were pelleted and stored at 7208C until DNA extraction. High molecular weight DNA was isolated using a salting-out method. The patient was screened for Yq11.2 chromosome microdeletions in the AZF regions by multiplex-PCR using six STS markers (AZFa: sY84; AZFb: sY134, sY142; AZFc: sY152, sY157, sY254). SRY (Yp) was used as an internal positive control. Negative controls included normal male and female DNA and PCR reaction with no DNA added. As no deletion was found, new additional markers were screened in each region (AZFa: sY86; GY6, DFFRY; AZFb: sY114, sY127, sY135; AZFc: sY153, sY255, DAZ1, CDY1). A STS was considered absent or negative after three amplification failures in independent PCR reactions. 19 The present proto- 
Results
In all 30 observed metaphases, GTG banding showed that the entire Y chromosome was translocated onto one of the chromosomes 13, with breakpoints on their short arms ( Figure  1A,D) . The patient's father and only brother had a normal karyotype (46,XY), demonstrating that this was a de novo (Yp;13p) translocation. A normal staining pattern of all heterochromatic segments, including the distal Yqh, was shown by CBG banding (Figure 1B,D) . NOR banding showed that the NOR region was conserved on the translocation chromosome, suggesting a breakpoint on 13p12 ( Figure 1C,D) . FISH analysis with centromeric probes for chromosomes Y (Figure 2A ) and 13/21 ( Figure 2B ) confirmed that the derivative (Y;13) chromosome was dicentric. The intactness of the SRY locus on the Yp arm showed that the Yp11.2 region was present ( Figure 2C ), as were also the telomeric specific regions of both arms of the sex chromosomes ( Figure 2D ), since hybridisation with subtelomeric probes for Xp/Yp and Xq/Yq gave positive signals at the free end of the Y chromosome and also at the breakpoint fusion of the derivative chromosome. Hybridization with a pantelomeric repeat probe showed that the Y and 13 chromosomes had lost their p-telomeres, thus defining the breakpoint on the Yp11.32 band ( Figure 2E ). In the control slides of the FISH procedure, 95 -98% of the cells gave correct hybridisation signals for each of the probes used. The karyotype was then interpreted as:
45; X; dicðY; 13Þðp1?; p12Þ:ishdicðY; 13Þðp11:32; p12Þ ðDYZ3þ; SRYþ; DXS28x2; DXS7059x2; D13Z1x2Þ ½20:
Molecular studies confirmed the intactness of the SRY on Yp and demonstrated absence of microdeletions in the Yq11.2-AZF regions (Figure 3 ). FISH analysis of immature germ cells and mature sperm (Tables 1, 2; Figure 4 ) showed a predominance of chromosome unpairing (73.5%) in pre-meiotic diploid germ cells and an abnormal chromosome segregation during meiosis I due to the presence of the translocation (56.8%). On the contrary, most of the round spermatids (70%) and sperm (85.1%) were normal for the referred chromosomes. In control slides, 93% of the cells gave correct hybridisation signals for the probes used.
Discussion
To our knowledge, there are only two cases reported in the literature describing a (Yp;13p) translocation. One regards a 13-year-old boy with moderate psychomotor retardation, mild facial asymmetry, dental malocclusion and short fifth fingers and toes. After GTG banding, a de novo (Y;13) translocation was revealed in 90% of the cells, with an apparently intact Y chromosome, including the SRY and PAR-regions, and a chromosome 13 that had lost part of the short arm. Hybridisation with telomeric probes also showed that these sequences were present at each free telomeric extremity and at the fusion point of the (Y;13). 13 The second case is related to a 10-year-old boy with poor growth since birth, but with normal psychomotor development. GTG banding showed an abnormal male karyotype, 45,X,dic(Y;13)(p1?;p1?), and FISH studies with centromeric probes for chromosomes Y and 13/21 confirmed a dicentric derivative chromosome. PCR and dosage Southern analysis revealed the loss of the 13p NOR and satellite-regions and of the entire PAR-region on Yp. 14 We report here a new type of translocation involving the short arms of Y and 13 chromosomes. Our subject had normal development with an otherwise normal phenotype besides presenting a severe oligozoospermia. The cytogenetic analysis of GTG banded chromosomes revealed a de novo (Y;13) translocation in all metaphase cells. The translocation break- 
points were clearly defined after NOR and FISH studies, which showed that the translocated chromosome 13 had intact NOR regions and had lost only a very small part of its short arm (satellite heterochromatin and telomere), whereas the Y chromosome apparently lost only the p-telomere. The pseudoautosomal region (PAR) of the sex-chromosomes is localised at both the XpYp and XqYq ends, and in this particular case the presence of specific sub-telomeric sequences suggests that the PAR1-region was not affected. During meiosis, the sex chromosomes form a XY body or 'sex vesicle' and are asynchronously condensed. In the case of an X or Y/autosome translocation, a translocated chromosome will be included in the compartment of the XY body and inactivation may extend to the autosomal segment yielding degeneration of most spermatocytes after the pachytene stage. 21, 22 The PAR1 (at XpYp) represents the region for sex-chromosome recombination and must be intact in order to promote meiotic pairing and ensure sperm production. 23 -25 However, the fact that the PAR 1 region is intact does not necessarily imply that the meiotic pairing is normal, as telomere TTAGGG repeats, rather than subtelomeric sequences, play an important role in meiotic pairing. They are responsible for the movement of telomeres at the surface of the nuclear envelope and the initiation of chromosome pairing at the zygotene stage. Unique (Yp;13p) translocation C Alves et al 472 PAR region and then alter the formation of the XY body at pachytene. In addition, pairing of both chromosomes 13, initiated from telomeres, may also interfere with the formation of the XY body. 21, 22 In the present study, an abnormal segregation of the (Y;13) was found during meiosis I, as only 13.6% of the secondary spermatocytes showed a normal chromosome complement. In this situation, most of the abnormal secondary spermatocytes might become arrested and degenerated, 18 which explains why the large majority of the round spermatids were normal (70%), as were in consequence most of the sperm (85.1%). Results also evidenced unpaired chromosome centromeric signals in most (73.5%) of the diploid germ cells, thus suggesting that the majority of the cells might not overcome meiosis I, blocking and degenerating at the primary spermatocyte stage. However, besides the sex chromosomes and the 13 chromosome, unpairing was also extensive to chromosome 18, which excludes specificity for the translocated chromosome. If in the present case there was a predominance of round spermatogonia and of preleptotene/leptotene spermatocyte stages this could be a normal finding. 26 Notwithstanding, the study of the products of meiosis I clearly reveal that an abnormal segregation (and thus pairing) of the (Y;13) chromosome occurs, as most of the secondary spermatocytes were abnormal due to the translocated chromosome (56.8%).
In conclusion, the presence of an intact PAR-region, absence of Y chromosome microdeletions in the AZFregions, absence of the telomere repeat sequences at the fusion point and the FISH meiotic studies indicate that the severe oligozoospermia may be due to the translocation, through a disturbance in meiotic pairing and segregation, rather than to the past orchitis. The observation of a high percentage of spermatozoa with an apparently normal chromosomal content (85.1%), almost as high as in the general population, 18 is of very good prognosis for this patient, since the selection of these cells for ICSI does not represent an increased risk for aneuploidies. However, selection of female embryos by PGD should be considered at genetic counselling.
